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EFO7: Heavy lons and High Density QCD

Goal: Prospects for heavy-ion physics at future heavy-ion
colliders and physics at electron-ion colliders, with particular
emphasis on the impact that this will have on the physics
program of the EF.

A Communication
A Mailing list:
A SNOWMASS-EF-07-HEAVY-IONS@FNAL.GOV
A 50 members have joined the list

A Slack channel: ef07-heavy ions
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EFO7 Heavy lons Meetings

AWe plan to have the biweekly meeting on Wednesday
9:007T 10:30 AM EDT
A Kickoff meeting on 5/27
AIndico page: https://indico.fnal.gov/category/1141/

A EF07 Workshop at MIT / RIKEN in 2021
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LHC Timeline and RHIC (STAR/sPHENIX)
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Energy Frontier Probes in Heavy lon Collisions

AEWbosons:
ANucl ear Parton Distribution Funct.i
AHiggs production in heavy ion coll

AHeavy fl avors mesons
ACharm diffusion in AA pAdpye @odhl if
AHadroni zati on mechanism of charm a
AlJeadand top as chronometer of QGP
AWmasishoostbeddecay
AJdJet substructure as a probe of QGF
AExotic probes:
AProKgs8 @i QBP
AAnthiyper nucl ei
AExtreme QED probes:

ALigbhyti ght scattering
AnPDfFr Quar konia production in UPC
AExtremely high multiplicity eve
AEmergence of hipythe doemesnnatayi INQGH st e ms

ASearchofloecti veechrdAwildri siimns
AFl dw ke signalcoalnl ipspi oannsd
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Parton DI str |

Lead lon | Superposition of Neutrons and Protons

Input Data for Nucleon PD‘F

" r dargetDlS

Ly Ldzi 5Fal 7F %::NQML Zéf t 5C

transverse momentum

1054 = Top-quark pair production f
O Black edge: New NPD!
45 pp collider data VS. 1200 proton colllder data & i
10° v d Z Fs =4
&
i m °°°°°°°°°°
QN fixedtarget DISand DY | om0 e
~—" LHC dijets
‘b, LHCW & Z SRR e i
CHORUS neutrino data R R LR
! -H{ENIX."D > 000p 8 o

>
oooooooo

14 fm 10

' 3 -2 -1
10 10 10° 10
14/y fm EPPS I 6 10*

Poor understanding |[of PDFE
the |Iimited amount of o~y d

H .
Yen-Jie Lee EF07 Heavy lons 7 I I I I I




NPDF Constraint from pPb Collisions

= 35 /Sy = 8-16 TeV pPb 2000 nb’*
‘-E‘ : HL LHC P D F [ T T T T I T T T T [ T T T T I T T T T I T ]
g 30: = e e Z 12— CMS Projection MCFM nlo ]
Ty [ -.- = P ~
8T willl o - i %/ CT14nlo ]
E - o - i S\ EPPS16nlo |
- - — - —
25F "% &) e M0 [ HLLHC —+— Data :

- PDF - >
: n _¢- Rt E : PDF V////mzﬁ :
20"—' = Z K Py TSI TASSSD ISS SIS | .
- 1 - ]
- ATLAS Preliminary ~ N N 1
— L N Maan i
15 e PYPD(588TeV, 2pb” E [ \ ]
L Simulation and Projections from Run 2 data f 09 N
10 Z | nPDF § § ;
B -*- Powheg+Pythia8 (CT10 PDF) i i
- + = 0.8 L —
sf o MCFM (EPPS16 nPDF) N . Wi Bis | i
B - ) -
- + = e -
hu..:ﬁll..11..11...11..,,1.l111“,,11.“11.1.h-.ié,L 1% SRS S A B W

¢S 2 40 1 2 3 5 0 0.5 1 1.5 2
y z
1.2 T r-||?9w —ﬂ‘.). 1.3 - ! T v T T T T T T T T =
- (\?0 P ®o12E % LHCD projection E
1B HLL HC| 3
: E PPb |5 = 8.8 TeV E
] 1E forward, 2.5<y <3.0, 250 nb" =
0.9F -
. 0.8F =
=08 z== after reweighting with Bl 0.7 - =
r p+Pb pseudo data : b E ]
- Lu=8pb’, V5 = 63TeV 1 0.6F Drell-Yan :
r x range predominantly probed at /5 = 63TeV E 0 5 E f ) ) ) ) : ) E
0.6 e ‘““'"_) T -0 50 100

10" 10° 0 10" M, [GeV/c?]

H .
Yedie Lee EP Heavy | ons 8 IIIII



NPDF froeBrerUlpthrear al P

UPC J/y in Run 1 + 2015 Data | Present Data Performance of UPC Quarkonia |HuLHC
1.1 T TR T T EEEEA Ry B L L UL
- e ema e ST | ALICE Simulation, Pb + Pb — Pb + Pb + V p
'QQ" 0.9 P m S T e ananegSEeseeTR 0. o 1__ m=5_5TeV‘L=13nb'1 }
m 0 I B e G } " & = : -}*
0.7 = { d sk YULS) *+J(,
0.6 [T 5 - — q(2s +
0 ) 5' C:hAss ® 7 'Eé 06 I I L By - + ]
0.4 ALICE W - £ F —
i U A
0.5 LTA+CTEQ6L1 N i ‘
o . . EPS0D ] oal Jly ALICE b
. . HKNO7 «---e--- i t  CMS Y(1S) pseudodata i
0.1F = ND8 wssomis i EPSO9LO, Q=m, /2 {  ALICE Y(1S) pseudodata |
0 asaal—t—ttataaal s 02  —— EPS09LO,Q=m_, /2 {  ALICE y(2S) pseudodata ~
-4 -3 3 -1 - -
10 10 10 10 . EPS09LO, Q=m,, /2 {  ALICE J/y pseudodata
Pb x i |||| l 1 ||I|||| ] sl 1 1 |||||I|
. 10°° 107 10°° 1072
Y b= Y X

00000
20000000

[ e o
AUl tPrear i pher al PbPb riClolt dlilsi @ins i{

AHLLHC data: Preci seY(Bplasang@menwt
avery wide xQrscteagenadéeénanecl ear
AToget her-) jweétt hdgtda in UPC PbPb ¢
strong constraint on the gl uon

H .
Yedie Lee EF07 Heavy lons 9 III"



Hi ggs Productil on

U~ 50fm/c > lifetime of QGP
arXiv:1701.08047

HELHC

FCC

Cross-section of Higgs increase by a factor of 20 in PbPb collisions from 5.5 TeV to 39 TeV
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